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ABSTRACT 
An attempt of abundance estimation of fish schooling close to surface using sonar was 
conducted in Eastern North Sea - Skagerrak in September 1990. The method is based on 
measurements of the school area· by the Furuno CSH-70 sonar and purse seine capture of 
schools to establish a school-area to school-biomass relationship. In the actual region, the 
biomass of herring and mackerel was estimated to about 90 000 ton and 430 000 ton, 
respectively. The accuracy of the method is discussed and improvements suggested. 
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I N T R O D U C T I O N  
C o n v e n t i o n a l  a c o u s t i c  a b u n d a n c e  e s t i m a t i o n  o f  f i S h  s c h o o l i n g  c l o s e  t o  s u r f a c e  m a y  b e  d i f f i c u l t  
d u e  t o  v e s s e l  a v o i d a n c e  ( O l s e n  1 9 8 7 )  a n d  t h e  u p p e r  b l i n d  z o n e  o f  t h e  e c h o  s o u n d e r  ( A g l e n  
1 9 8 9 ) .  U s e  o f  h o r i z o n t a l  g u i d e d  s o n a r  c a n  c o p e  w i t h  t h e s e  p r o b l e m s  ( A n o n .  1 9 7 4 ) ,  b u t  
r e l a t i o n s h i p s  t o  c o n v e r t  s c h o o l  t a r g e t  s t r e n g t h  t o  s c h o o l  b i o m a s s  h a v e  n o t  b e e n  e s t a b l i s h e d  
( H e w i t t  e t  a l .  1 9 7 6 ) .  M i s u n d  ( 1 9 8 8 ;  1 9 9 0 a )  a n d  M i s u n d  e t  a l .  ( 1 9 9 0 )  h a v e  d e m o n s t r a t e d  t h a t  
r e l a t i o n s h i p s  e x i s t  b e t w e e n  t h e  g e o m e t r i c  d i m e n s i o n s  a n d  b i o m a s s  o f  s c h o o l s .  B a s e d  o n  
a c o u s t i c  d i m e n s i o n i n g  b y  s o n a r ,  t h i s  p r i n c i p l e  c a n  b e  a p p l i e d  f o r  a b u n d a n c e  e s t i m a t i o n  o f  
s c h o o l i n g  f i s h .  
I n  t h e  N o r t h  S e a ,  r e g u l a r  a c o u s t i c  s u r v e y s  a r e  c o n d u c t e d  t o  m a p  t h e  d i s t r i b u t i o n  a n d  e s t i m a t e  
t h e  a b u n d a n c e  o f  h e r r i n g  ( K i r k e g a a r d  e t  a l .  1 9 9 0 ) .  T h e r e  h a v e  b e e n  a t t e m p t s  o f  c o n v e n t i o n a l  
a c o u s t i c  s u r v e y s  f o r  m a c k e r e l  a l s o  ( D e g n b o l  e t  a l .  1 9 8 8 ) ,  b u t  t h e  c l a s s i f i c a t i o n  o f  e c h o  
r e c o r d i n g s  w a s  c o n n e c t e d  w i t h  g r e a t  u n c e r t a i n t i e s .  T h e  m a c k e r e l  i s  u s u a l l y  d i f f i c u l t  t o  c a t c h  
w i t h  s t a n d a r d  s a m p l i n g  t r a w l s ,  e s p e c i a l l y  w h e n  i t  i s  s c h o o l i n g  c l o s e  t o  s u r f a c e  i n  s u m m e r t i m e  
( A g l e n  a n d  M i s u n d  1 9 9 0 ) .  T h e r e  a r e  a l s o  u n c e r t a i n t i e s  c o n n e c t e d  t o  t h e  t a r g e t  s t r e n g t h  
e s t a b l i s h e d  f o r  m a c k e r e l  ( M a c L e n n a n  e t  a l .  1 9 8 9 ) .  T h e  a b u n d a n c e  o f  m a c k e r e l  i s  t h e r e f o r e  
m a i n l y  e s t i m a t e d  b y  i n d i r e c t  m e t h o d s  a s  e g g  s u r v e y s ,  c a t c h  d a t a  a n a l y s i s  a n d  t a g g i n g  
e x p e r i m e n t s  ( A n o n .  1 9 9 0 ) .  
I n  1 9 9 0 ,  a  p r o g r a m  w a s  i n i t i a t e d  t o  m a p  t h e  d i s t r i b u t i o n  o f  m a c k e r e l  i n  t h e  N o r w e g i a n  
e c o m o m i c  z o n e .  S e v e r a l  s u r v e y s  w e r e  c a r r i e d  o u t  b y  h i r e d ,  c o m m e r c i a l  p u r s e  s e i n e r s .  O n  e a c h  
s u r v e y  r e c o r d e d  s c h o o l s  w e r e  c o u n t e d  f r o m  s o n a r  r e c o r d i n g s ,  a n d  t h e  s p e c i e s  i d e n t i f i c a t i o n  
w a s  c o n d u c t e d  b y  p u r s e  s e i n i n g  o r  u s i n g  h a n d  l i n e s .  
I n  o n e  o f  t h e  s u r v e y s ,  a n  a t t e m p t  w a s  m a d e  t o  e s t i m a t e  t h e  a b u n d a n c e  o f  s c h o o l i n g  f i s h  u s i n g  
a  f i s h e r i e s  s o n a r  ( F u r u n o  C S H - 7 0 )  t o  m e a s u r e  t h e  a r e a  o f  r e c o r d e d  s c h o o l s .  T h e  s c h o o l  
b i o m a s s  w a s  e s t i m a t e d  f r o m  a  r e l a t i o n s h i p  b e t w e e n  s c h o o l  a r e a  a n d  b i o m a s s  e s t a b l i s h e d  b y  
p u r s e  s e i n e  c a p t u r e  o f  s o n a r  m e a s u r e d  s c h o o l s .  
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MATERIAL AND METHODS 
The survey was carried out in the Skagerrak/Eastem North Sea area (Fig.1) by M/V "Endre 
Dyr~y" (799 GRT), well equipped with acoustic instruments for fiSh detection (Table 1) and 
a herring purse seine (735 x 167 m). 
The upper 40 m of the water column was searched for schools during daytime by operating 
the Furuno CSH-70 sonar in a 1800 mode with a 400 m search radius and a tilt angle of 5°. 
The gain functions of the sonar were given a setting (Table 2) that, according to the skipper's 
experience, was favourable for mackerel recording. A relative estimate of each school 
recorded was obtained by using the estimate function of the sonar when the schools were in 
the range interval og 100 m to 300 m away from the vessel. The estimate function gives a 
relative size from 0 to 100 of a recording within an octogonal area with cross-section equal 
to 1/4 of the search range choosen (Fig. 2). The relative estimate (a') is a function of the 
extent and target strength of the school. By assuming circular school shape and proportionality 
between school target strength and school area, an estimate of school area can be calculated 
by; 
A' (mi = a'* s 
= 2<Rt *LW' * n * tan(~/2)) 
LW (m) = A'/2CR.t * n * tan(<p/2))- ct/2 
A (m)2 = 1C/4 * (L W'f 
s = scaling factor (for search range= 400 m: 8850/100) 
Rt = horisontal vessel-to-school distance (m) 
LW = school diameter (m) 
n = number of beams covered by the school projection 
<p = horizontal beam-width of the sonar(~) 
c = speed of sound (m/s) 
t = pulse-length (ms) 
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The classification of the recorded schools to species was mostly done acoustically by a 
qualitative judgement of the frequency response of the sonars or the dual frequency echo-
sounder· (Table 3). Species identification was also done by fishing with hand lines when the 
vessel was manoeuvred on top of recorded schools and by purse seining of selected schools. 
For schools captured by purse seine, the relationship between school area and school biomass 
were investigated. The sonar picture was video taped during circling of these schools, and 
their area measured by a ruler on the screen by still picture playback as described by Misund 
(1990a). The biomass of whole schools caught was estimated from the volume occupied in 
the holding tanks, and control-measured during delivery. 
The biomass of recorded schools was estimated using the area-to-biomass relationship 
established to convert the school area estimate to school biomass. The sailed distance, area 
searched, and total recorded school biomass were estimated for statistical squares of 30 x 30 
run (Fig. 1 ). By multiplying the total recorded biomass with a real-to-searched area proportion 
for each square, an estimate of the total biomass in these squares was obtained. 
The horizontal beam-width of the Fw::uno CSH-70 transmitter is not explicitly stated as the 
operator manual claims it to be adjustable in the interval 5° to 10°. According ~o Misund 
( 1990b ), measurements of schools ~hould be corrected for a horizontal beam-width that results 
in a range dependent proportion between the crosswise and lengthwise extent of the school 
projections. The measurements of crosswise extent for the schools selected for purse seine 
capture were therefore corrected for beam-widths in the actual interval, and the effects on the 
crosswise-to-lengthwise proportion studied (Table 4 ). Range independence was obtained at 
beam-widths of 5o and 6°, and in the following analyzis a horizontal beam-width of 6° is used. 
RESULTS 
Measurements on two herring schools (mean fiSh length 22 cm, Fig. 3) circled in Skagerrak 
confmned the basic assumption of proportionality between the school area and the relative 
abundance estimate (Fig. 4), as there was a significant correlation between the school area and 
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the Furuno estimate (r=0.58, p<0.001, n=67). The second assumption of circular school shape 
was acceptable for the circled herring schools (average crosswise-to-lengthwise proportion= 
1.22, Table 4), but not for the mackerel schools (mean fish length 37 cm, Fig. 3) circled 
during purse seining (average crosswise-to-lengthwise proportion=1.92). 
There was a clear relationship between the area and biomass of eight mackerel schools from 
14 to 300 tons caught by purse seine (Fig. 5). The area of a 10 ton, herring schools fits well 
to this relationship also. As indicated by the area of a 12 ton horse mackerel school (mean 
fiSh length 28.9 cm, Fig. 3), this species seems to organize schools with a smaller biomass 
per unit area than herring and mackerel (Fig. 5). The relationship between school area and 
school biomass for the herring and mackerel schools is expressed by; 
log(Biomass) = 1.329 * log (School area) + 0.428 r=0.94 
This relationship is used for the conversion of school area estimates to school biomass for the 
schools recorded during the sonar survey. 
Mackerel schools were recorded along the coast of Southern Norway, in Skagerrak only a few 
herring schools were detected, while both herring, mackerel and horse mackerel schools were 
recorded in the Eastern North Sea. Most of the recorded schools were rather small (Fig. 6), 
and average school area was 300 m2 and 220 m2 for the herring and mackerel schools, 
respectively. This corresponds to average biomasses for the herring and mackerel schools of 
7.5 tons and 5.5 tons, respectively. Average school biomass differed from one statistical 
square to another (Table 5). The average school area (565 m2) of the few horse mackerel 
schools recorded was larger than that of herring and mackerel, but their average biomass was 
smaller (2.1 tons). 
Based on the sonar recordings, the total abundance of herring was estimated to 30 000 tons 
in Skagerrak and 60 000 tons in the Eastern North Sea (Fig.7, Table 6). Only a small amount 
of mackerel seemed to be present in Skagerrak (Fig. 7), but the total estimate for the Eastern 
North Sea was 430 000 tons (Table 5). 
I 
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D I S C U S S I O N  
T h e  s c h o o l - a r e a  t o  s c h o o l - b i o m a s s  r e l a t i o n s h i p  e s t a b l i s h e d  f o r  m a c k e r e l  f i t s  w e l l  t o  a  s i m i l a r  
r e l a t i o n s h i p  r e p o r t e d  b y  M i s u n d  ( 1 9 8 8 )  o n  t h e  b a s i s  o f  s o n a r  m e a s u r e m e n t s  a n d  s u b s e q u e n t  
p u r s e  s e i n e  c a p t u r e  o f  m a c k e r e l  s c h o o l s  b y  M N  " L i b a s "  i n  1 9 8 6  a n d  a  s i n g l e  o b s e r v a t i o n  b y  
R N  " F j o r d f a n g s t "  i n  1 9 8 7  ( F i g .  5 ) .  T h e s e  r e l a t i o n s h i p s  i n d i c a t e  a  b i o m a s s  o f  2 5  t o n  f o r  a  
s c h o o l  o f  1 0 0 0  m
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,  w h i c h  i s  a l s o  c o m p a r a b l e  t o  t h e  l e v e l  o f  a  r e l a t i o n s h i p  e s t a b l i s h e d  b y  a  
s i m i l a r  m e t h o d  f o r  N o r t h  S e a  h e r r i n g  ( M i s u n d  1 9 9 0 ) .  
T h e  a r e a - t o - b i o m a s s  r e l a t i o n s h i p s  e s t i m a t e d  b y  p u r s e  s e i n e  c a p t u r e  o f  s o n a r  m e a s u r e d  s c h o o l s  
g i v e  e s t i m a t e s  a b o u t  5  t i m e s  t h a t  o f  a r e a - t o - b i o m a s s  r e l a t i o n s h i p s  e s t a b l i s h e d  b y  e c h o  
i n t e g r a t i o n  o f  s o n a r  m e a s u r e d  s c h o o l s  ( M i s u n d  e t  a l .  1 9 9 0 ) .  T h i s  d i s c r e p a n c y  m a y  b e  t h e  
r e s u l t  o f  d i f f e r e n t  s a m p l i n g  s t r a t e g i e s ,  a s  t h e  f e w  s c h o o l s  s i n g l e d  o u t  f o r  p u r s e  s e i n i n g  m a y  
b e  l a r g e r  a n d  d e n s e r  t h a n  a v e r a g e ,  w h i l e  m o s t  s c h o o l s  r e c o r d e d  h a v e  b e e n  i n c l u d e d  i n  
r e l a t i o n s h i p s  e s t a b l i s h e d  b y  e c h o  i n t e g r a t i o n .  I f  t h i s  i s  t h e  c a s e ,  t h e  a b u n d a n c e  o f  h e r r i n g  a n d  
m a c k e r e l  i s  s e v e r e l y  o v e r e s t i m a t e d .  H o w e v e r ,  m o s t  s o u r c e s  o f  e r r o r s  c o n n e c t e d  t o  t h e  e c h o  
i n t e g r a t i o n  m e t h o d  t e n d  t o  r e s u l t  i n  u n d e r e s t i m a t e d  f i s h  d e n s i t i e s  ( A g l e n  1 9 8 9 ) ,  e s p e c i a l l y  o f  
s c h o o l s  d u e  t o  a b s o r p t i o n  ( T o r e s e n  1 9 9 1 ) .  
A  m a j o r  u n c e r t a i n t y  w i t h  t h e  a p p l i e d  m e t h o d  i s  t h e  e s t i m a t i o n  o f  s c h o o l  a r e a .  T h e  a s s u m p t i o n  
o f  c i r c u l a r  s c h o o l s  i s  n o t  m e t ,  a t  l e a s t  f o r  t h e  m a c k e r e l  s c h o o l s .  S c h o o l  s h a p e  i s  d e p e n d e n t  
o f  s w i m m i n g  d e p t h ,  w i t h  m o r e  c i r c u l a r  s c h o o l s  m i d w a t e r  a n d  f l a t t e n e d  d i s c o i d e s  c l o s e  t o  
s u r f a c e  a n d  b o t t o m  ( M i s u n d  1 9 9 0 b ) .  S q u i r e  ( 1 9 7 8 )  a r g u e s  t h a t  c i r c u l a r  s c h o o l  s h a p e  i s  r a t h e r  
u n c o m m o n  i n  n a t u r e .  B a s i n g  t h e  e s t i m a t i o n  o f  s c h o o l  a r e a  t o  a n  a s s u m t i o n  o f  c i r c u l a r  s c h o o l  
s h a p e  i s  t h e r e f o r e  n o t  s a t i s f a c t o r y .  A n  a l t e r n a t i v e  w o u l d  b e  t o  u s e  a  r e l a t i o n  b e t w e e n  s c h o o l  
a r e a  a n d  t h e  r e l a t i v e  F u r u n o  e s t i m a t e  d i r e c t e l y .  U n f o r t u n a t e l y ,  t h i s  w a s  n o t  p o s s i b l e  d u r i n g  
t h i s  s u r v e y ,  a s  t h e  c o m p a r i s o n s  b e t w e e n  i n d e p e n d e n t l y  m e a s u r e d  a r e a s  o f  s o m e  h e r r i n g  
s c h o o l s  a n d  t h e  c o r r e s p o n d i n g  F u r u n o  e s t i m a t e s  w e r e  o b t a i n e d  a t  a  s h o r t e r  s o n a r  r a n g e  t h a n  
u s e d  d u r i n g  t h e  s u r v e y .  
D e s p i t e  i n t e n s i v e  s a m p l i n g  a n d  f r e q u e n c y  r e s p o n s e  j u d g e m e n t  o f  t h e  r e c o r d e d  s c h o o l s ,  
a l l o c a t i o n  t o  s p e c i e s  c o u l d  b e  d i f f i c u l t .  T h i s  i s  i l l u s t r a t e d  b y  t h e  f a c t  t h a t  a  l a r g e  s c h o o l  
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a s s u m e d  t o  b e  m a c k e r e l  t u r n e d  o u t  t o  b e  1 2  t o n  h o r s e  m a c k e r e l  w h e n  c a u g h t  b y  t h e  p u r s e  
s e i n e .  I n  s o m e  o f  t h e  a r e a s  c o v e r e d ,  a  s i g n i f i c a n t  a m o u n t  o f  t h e  s c h o o l s  w a s  p r o b a b l y  
m i s j u d g e d  t o  b e  m a c k e r e l  i n s t e a d  o f  h o r s e  m a c k e r e l .  T h e  a b u n d a n c e  o f  h e r r i n g  i s  a l s o  
u n d e r e s t i m a t e d ,  a s  h e r r i n g  s c h o o l s  c l o s e  t o  b o t t o m  w e r e  f r e q u e n t l y  r e c o r d e d  b y  t h e  e c h o  
s o u n d e r  b u t  n o t  b y  t h e  h o r i z o n t a l  g u i d e d  s o n a r .  
A  c r i t i c a l  p r o c e d u r e  i s  a l s o  t h e  i n  s i t u  c l a s s i f i c a t i o n  o f  r e c o r d e d  t a r g e t s ,  e s p e c i a l l y  u n d e r  
d i f f i c u l t  s o n a r  c o n d i t i o n s  w i t h  m u c h  s u r f a c e  r e v e r b e r a t i o n .  I n  s u c h  s i t u a t i o n ,  t h e  v e s s e l  s p e e d  
w a s  r e d u c e d  t o  e n h a n c e  t h e  p r o b a b i l i t y  o f  d e t e c t i n g  a n d  c l a s s i f y  t a r g e t s .  
T h e  p o t e n t i a l  o f  t h i s  m e t h o d  i s  a s  a  s u p p l e m e n t  t o  c o n v e n t i o n a l  e c h o  i n t e g r a t i o n  t o  r e c o r d  t h e  
a b u n d a n c e  o f  f i s h  s c h o o l i n g  c l o s e  t o  s u r f a c e .  T h e  m e t h o d  m a y  b e  i m p r o v e d  b y  a n  a l g o r i t h m  
f o r  a u t o m a t i c  d e t e c t i o n  a n d  a r e a  m e a s u r e m e n t s  o f  t h e  s c h o o l s  a p p l i e d  o n  a  s o n a r  w i t h  n a r r o w  
h o r i z o n t a l  b e a m - w i d t h  ( M i s u n d  1 9 9 1 ) .  
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Table 1. Acoustic instruments, MN ''Eodre D~y". 






Skipper CS 119 
Simrad EQ 50 
a): horizontal x vertical 














TVG: Time varied gain 
AGC: Automatic gain control 








5-100 x ~a) 
8.5° x go a) 











Table 3. Criteria for qualitative frequency response judgement (colour scale: weak echo: grey or 
































Average crosswise/lengthwise (CW/LW} extent of the schools related to beam-width and 
distance (rs: S~annan rank: correlation coefficient for CW/L W and distance). 
Herring Mackerel 
CW/LW rs N CW/LW rs N 
1.35 -0.10 68 2.00 0.16 81 
1.22 -0.14 68 1.92 0.15 81 
0.98 -0.25* 68 1.75 0.11 81 
0.73 -0.40* 68 1.62 0.04 81 
1 1  
T a b l e  5 .  B i o m a s s  e s t i m a t e s  f o r  h e r r i n g  a n d  m a c k e r e l  i n  S~rrak: a n d  E a s t e r n  N o r t h  S e a ,  S e p t e m b e r  
1 9 9 0 .  ( x :  a v e r a g e  s c h o o l  s i z e ;  I :  t o t a l  e s t i m a t e ;  :  a r e a  o f  s t a t i s t i c a l  s q u a r e ;  S A :  S e a r c h e d  
a r e a . )  
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M a c k e r e l  
S q u a r e  d i s t a n c e  a r e a  
R A / S A  
N  
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X  : t  X  
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S k a g e r r a k  
0 9 1 6  
2 8  9 . 0 7  
5 0 . 0 0  2  2 1 . 0  2 1 0 7  
7  
0 . 3  
9 9  
0 9 1 7  8 0  
2 5 . 9 2  
3 4 . 2 3  
1 5  7 . 4  
3 7 9 7  
0 9 1 4  
4 8  1 5 . 5 5  
5 7 . 8 8  
5 3  
3 . 5  1 0 8 6 0  
0 9 1 0  2 0  6 . 4 8  1 3 8 . 8 9  
0 9 1 3  
5 2  
1 6 . 8 5 1  
5 3 . 4 1  1 4  1 1 . 0  8 2 3 7  
1 9  0 . 3  
2 7 5  
0 9 0 9  
6 7  
2 1 . 7 1 2  
4 1 . 4 6  1 8  7 . 1  5 3 1 4  
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2801 
M/S "ENDRE DYR0Y" 60' 0804 
27.08.90 - 12.09.90 
SONAR SURVEY 
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• Purse seine station 
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Figure 1. Transects, purse seine and hand line stations during the sonar survey 27/8 - 12/9 
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Figure 3. Fish length distribution of herring, mackerel and horse mackerel caught by purse 
seine or hand line. 
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Figure 4. Relationship between the school area measured as described by Misund (1990a) and 
the Furuno-estimate for two herring schools circled during purse seining in Skagerrak. 
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Figure 5. Relationship between the school area and biomass for mackerel schools caught by 
MN "Endre Dyr0y", 1990. Data for a herring and a horse mackerel school are included, and 
measurements of mackerel schools conducted by M/V "Libas" in 1986 (Misund 1988) and 
RN "Fjordfangst" in a We~tem Norway fjord in 1987 are also presented. 
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Figure 6. Distribution of recorded school size of herring, mackerel and horse mackerel. 
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